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surfaces of bodies, such as precision com- 
ponents of fine mechanisms, of lenses, and of 
surface mirrcrs against corrosion and mech- 
anical d:m-ase. In the optical industry oxide 
layers are moreover used as layers of a high or 
loW refractive index for reflection reducing 
layers, further for interference filters, ray 
dividers, heat filters. co!d light mirrors, cr 
coatir.gs for spectacle lenses. The mechanical 
r.nd optical properties of such oxide layers 
depend not only cn the kind of oxide applied 
but to a very large extend aho on the kind of 
method used for applying the same. 

The production of oxide layers by direct 
deposition from the vapour phase of oxidic 
materials in vacuo and condensation of the 
vapours on the bases to he coated is well 
known. This method has for many optical 
purposes the disadvantage, that most oxides 
when vaporised and condensed in vacuo pro- 
duce light-absorbing layers, even when, as the 
layer-fo'rming material, inherently absorption- 
free oxides are used. Presumably this is due to 
the fact that the vacuum has a reducing effect 
on most oxides at high temperatures, and that 
— according to a rule valid in general — irsort 
unsaturated oxides show optical absorption. 
There are only a few exceptions from this rule: 
for example* columbium oxide and cerium 
oxide can be evaporated snd absorption-free 
layers obtained from them, 
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expensive. 

The reason is that in rhe case of the known 
oxidation of absorbing layers the individual 
layers are oxidised separately (or at the best 
only very few individual layers together), since 
the oxygen diffuses insufficiently through 
thicker stratified layers. Even with thinner 
stratified layers the oxidation takes place very 
sluggishly. L T pon subsequent oxidation the 
layers moreover change ireir thickness. The 
keeping of accurate relations of layer thick- 
nesses, which is indispenjible for interference 
systems, is made considerably more difficult 75 
thereby. A further disadvantage of this known 
method consists in that many todies to which 
the thin layers are to be applied, e.g. cemented 
lens systems, must not be heated to the high 
temperatures required for the oxidation. 80 

The other known method i.e. cathode 
sputtering in oxygen is inherently very time 
wasting and leads also to an often non-per- 
missible heating of the bases to be coated. 
Moreover the layers produced by cathode 85 
sputtering often show a stronger light scatter 
than the layers produced by deposition from 
the vapour phase from the same layer 
materials, and therefore are not applicable 
everywhere. ^ 90 

By the best methods hitherto available, for 
example for the production of a cold light 
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We, Geraetebau-Anstalt, of Balzers in 
the Principality of Leichtenstein, a joint-stock 
company organised under the laws of Liech- 
tenstein, do hereby declare the invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
bv the following statement: — 
'The present invention relates to improving 

10 the oxidation and/or transparency of thin 
partly oxidic layers. 

Thin oxide layers have been used in tech- 
nology to a large extent as protective layers 
and as layers for optical purposes. As protec- 

15 tive layers they serve for protecting sensitive 
surfaces of bodies, such as precision com- 
ponents of fine mechanisms, of lenses, and of 
surface mirrors against corrosion and mech- 
anical damage. In the optical industry oxide 

20 layers are moreover used as layers of a high or 
low refractive index for reflection reducing 
layers, further for interference filters, ray 
dividers, heat filters, cold light mirrors, or 
coatings for spectacle lenses. The mechanical 

25 and optical properties of such oxide layers 
depend not only on the kind of oxide applied 
but to a very large extend also on the kind of 
method used for applying the same. 

The production of oxide layers by direct 

30 deposition from the vapour phase of oxidic 
materials in vacuo and condensation of the 
vapours on the bases to be coated is well 
known. This method has for many optical 
purposes the disadvantage, that most oxides 

35 when vaporised and condensed in vacuo pro- 
duce light-absorbing layers, even when, as the 
layer-forming material, inherently absorption- 
free oxides are used. Presumably this is due to 
the fact that the vacuum has a reducing effect 

40 on most oxides at high temperatures, and that 
— according to a rule valid in general — most 
unsaturated oxides show optical absorption. 
There are only a few exceptions from this rule: 
for example columbiurn oxide and cerium 

45 oxide can be evaporated and absorption-free 
layers obtained from them. 
[Price. 



In order to overcome these difficulties in 
the production of absorption-free oxide layers, 
further methods have been developed. It is 
known to produce absorption-free metal oxide 
layers by deposition from the vapour phase of 
light-absorbent layers and subsequent oxidation 
thereof, or by cathode sputtering of the metals 
concerned, in oxygen. 

A further known method is deposition from 
the vapour phase in an oxidising atmosphere. 

For the commercial production of thin 
oxide layers these known methods have the 
disadvantage of being time-wasting, so that 
multi-layer systems, for example for heat 
filters and cold light mirrors (consisting often 
of 20 to 30 individual layers) become rather 
expensive. 

The reason is that in the case of the known 
oxidation of absorbing layers the individual 
layers are oxidised separately (or at the best 
only very few individual layers together), since 
the oxygen diffuses insufficiendy through 
thicker stratified layers. Even with thinner 
stratified layers the oxidation takes place very 
sluggishly. Upon subsequent oxidation the 
layers moreover change their thickness. The 
keeping of accurate relations of layer thick- 
nesses, which is indispcnsible for interference 
systems, is made considerably more difficult 
thereby. A further disadvantage of this known 
method consists in that many bodies to which 
the thin layers are to be applied, e.g. cemented 
lens systems, must not be heated to the high 
temperatures required for the oxidation. 

The other known method i.e. cathode 
sputtering in oxygen is inherently very time 
wasting and leads also to an often non-per- 
missible heating of the bases to be coated. 
Moreover the layers produced by cathode 
sputtering often show a stronger light scatter 
than the layers produced by deposition from 
the vapour phase from the same layer 
materials, and therefore are not applicable 
everywhere. ..^ 

By the best methods hitherto available, for 
example for the production of a cold light 
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mirror built up of 25 individual layers of 
alternately high and low refractive index layers 
of Si0 2 and Ti0 2 such as used e.g. for cinema 
projectors, about 6 to 8 hours were needed, 

5 when the layers had to be hard, well adherent 
and sufficiently absorption-free. 

The present invention relates to a new 
method for improving the oxidation and/or 
transparency of thin partly oxidic layers on 

10 carriers, wherein a rare earth element and/or 
a compound of a rare earth element is added 
to the said layer by cathode sputtering or 
deposition from the vapour phase in vacuo. 
The elements of the group of rare earths 

15 include yttrium and lanthanum. 

According to this method it is possible to 
produce hard and well adhering oxide layers, 
with the minimum possible absorption inherent 
to the layer substances used, in a much shorter 

20 time than by the known methods, since in the 
method according to the invention either no 
after-oxidation proper in the oxidising atmo- 
sphere is necessary or, in case such after- 
oxidation is necessary the same takes place (in 

25 contrast to the known layer-annealing methods') 
within a short period (often instantaneously). 
The decomposition from the vapour phase may 
be carried out at a comparatively high rate. 
The method according to the invention offers 

30 now the possibility of depositing from the 
vapour phase with a low absorption or free 
from absorption not only a few oxides which 
hitherto formed an exception from the general 
rule, such as cerium oxide, but also other 

35 known oxides can now be used for the same 
purpose, the deposition of which from the 
vapour phase in vacuo is not per se possible 
without a reduction thereof taking place. 
According to further proposals of the inven- 

40 tion the mixing ratio bteween the layer-form- 
ing materials and the admixed elements or 
compounds from the group of rare earths is so 
chosen that at least 5% and at the most 50% 
of all metal atoms contained free or bound in 

45 the mixture are cerium atoms or other atoms 
from the group of rare earths. The admixture 
of cerium and/or of compounds of cerium or 
praseodymium and/or the compounds thereof 
has proved to be particularly effective. 

50 The layers produced by the method accord- 
ing to the invention presumably do not only 
contain the elements contained in the layer- 
forming material, such as titanium and silicon, 
but also the admixed elements or compounds 

55 from the group of rare earths as defined herein- 
above, which however do not themselves have 
any disturbing absorption in the visible range. 

The invention will be explained with refer- 
ence to examples. Hard and well adhering 

60 layers of high refractive index and practically 
free from absorption in the visible range of 
the spectrum are obtained on glass bases, in 
that a mixture consisting of an oxide of 
titanium, e.g. TiO, and an oxide of cerium 
65 e.g. Ce O z or C 2 O, are evaporated in the 



molecular ratio of 1: 1 to 8: 1 in vacuo (10 _:> 
mm Hg), and deposited on the bases. This 
mixture evaporates without difficulty in a 
tungsten crucible at temperatures of 1700° 
to 2100°C. It is surprising that oxide layers 70 
are attained which in the visible range are free 
from absorption (i.e. according to accepted 
opinion are saturated with oxygen to a maxi- 
mum), while the same oxide of titanium in 
the absence of cerium or of the aforesaid 75 
elements or compounds thereof under otherwise 
equal conditions of deposition from the vacuum 
yields absorbing layers. 

Such an absorption in the visible range 
occurred hitherto even when the starting 80 
material consisted of pure Ti0 2 . The effect of 
the added cerium can possibly be explained in 
that it promotes the formation of TiO>, any 
oxygen required being supplied by desorption 
(particularly from the water vapour which is 85 
always adsorbed on the wall of the vacuum 
vessel). The method according to the invention 
produces absorption-free layers equally by the 
evaporation of Ti0 25 TiO and (with a short 
after-oxidation) even of metallic titanium re- 90 
gardless of whether the cerium or the other 
elements mentioned are admixed in the metallic 
form or in the form of compounds to the 
layer-forming material. 

Further embodiments, for which the method 95 
according to the invention is recommended, 
are summarised in the accompanying table. The 
numerical values are stated by way of example 
only; an expert can easily decide from which 
of these values he may depart in complying 100 
with any particular conditions. As known to a 
person skilled in the art, for example the 
evaporating temperature is variable in accord- 
ance with the rate of evaporation desired, the 
latter depending in turn on the refractive index 105 
desired of the layer. Quick deposition from the 
vapour phase generally yields layers of higher 
refractive index than slow deposition. 
Obviously also the evaporation period is 
variable "in order to keep a chosen rate of 110 
evaporation and/or to attain a desired thick- 
ness of the layer. Moreover the gas pressure 
in the vacuum vessel is variable. ^Variable in 
particular are finally the mixing ratios, since 
there are no sharp limits of the mixing ratio 115 
at which the effect aimed at by the invention 
would make a sudden onset. Accordingly 
also the properties of the layers obtained vary, 
but as stated before, the basic discovery of 
the invention consists in that the optical 120 
absorption of the layers obtained by the 
evaporation and condensation of the mixtures 
indicated is substantially lower than should 
have been expected from the mixing ratios 
only. This finds its expression in that an 125 
admixture of more than 5 gram-molecules 
percent in many of the cases of the examples 
produced layers practically completely free 
from absorption, while by simple dilution of 
the layers obtainable from the layer-forming 130 
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materials alone with an absorption-free oxide 
of the rare earths even at a dilution of 50% 
half of the original absorption would yet have 
remained, which usually ranges from the order 
of magnitude of a few percent to 30% of the 
5 incoming light, with a thickness of the layers 
of A/4. 

The rule seems to apply that the method 
according to the invention is suitable particu- 
larly for the production of layers of such 
10 oxides, the heat of formation of which (related 
per oxygen atom in the molecule) is smaller 
than the heat of formation of cerium oxide 
(CeO,). 

In the following table there are stated: — 

15 In Section a) under the numbers 1 to 8 
the elements and/or compounds from the 
group of rare earths which may be admixed 
to the layer-forming materials. It is often con- 
venient not to use pure elements or compounds 

20 from the aforesaid group for admixture to the 
layer-forming materials, since they are diffi- 
cult to obtain. On the contrary, the com- 
mercial mixtures of rare earths can be used 
without difficulty, the usual percentage com- 

25 position of which is indicated in the table. 
These contents stated in Section a) relate to 
the pure component of the mixture, and are 
not to be *confused with the indication of 
gram-molecule percentage concerning the 

30 addition of the rare earths to the layer-forming 
materials. 

The Table moreover gives examples in 
Section b) namely: — 

in line 1: suitable layer-forming materials; 

35 in line 2: commercial rare earth mixtures, 
which have been proved suitable for the 
admixture, the indications 1 to 8 meaning 
that each of the mixtures of substances 
indicated in section a) may be used; 

40 in line. 3 : suitable evaporation temperatures 
for the aforesaid substances; 
in line 4: suitable materials for the evapora- 
tion crucibles, a distinction being more- 
over made in the columns 1 and 2, whether 

45 oxides or metals had been taken as 
materials according to line 1. An expert 
knows also, that many of the substances 
mentioned may be converted into the 



vapour phase by cathode sputtering as 
well as by thermal evaporation and con- 50 
densed subsequently on the carriers. 
In Section c) of the table three different 
modifications (a, & y) of the deposition from 
the vapour phase are given in the production 
of layers according to the invention. Thereby 55 
the experience known in itself is confirmed, 
that the deposition from the vapour phase on 
a carrier at room temperature and in an 
ordinary vacuum (modification ft) may be 
replaced by deposition from the vapour phase 60 
in a higher vacuum but on a carrier at higher 
temperature (modification =t); likewise a shorter 
period of deposition from the vapour phase 
(modification y) requires an after treatment at 
a somewhat raised temperature. 65 

In Section d) the following table finally sets 
forth examples of modifications according to 
which the admixture of the elements or com- 
pounds from the rare earths is not carried out 
in one and the same evaporation crucible but 70 
in that one or more elements of the group of 
rare earths and/or one or more compounds of 
these elements are admixed to a layer 
previously formed on a carrier by the con- 
densation of a material bringing one or more of 75 
the said elements and/or compounds thereof as 
a thin layer in direct contact with the layer 
formed from the layer-forming materials, and 
by subsequently mixing the various substances 
of the layers by diffusion, preferably by heat 80 
treatment. 

In Section d) metals are indicated which 
are suitable as layer-forming materials, and 
the temperatures at which they can be evapor- 
ated from carbon crucibles; moreover the 85 
metals and compounds suitable for being 
evaporated from molybdenum crucibles are 
stated. 

The methods according to Section d) may 
alternatively be carried out in such a manner 90 
that the layer-forming materials and the 
elements or compounds from the group of 
rare earths to be admixed are evaporated at 
the same time or consecutively in the same 
vessel from separate vaporisation crucibles, 95 
and condensed on the condensation surfaces. 
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For carrying out the method according to 
the invention a device according to the 
accompanying drawing may be used. 1 denotes 
the vacuum vessel, which may be evacuated 

5 by means of a pump through a pipe 2 having 
a valve 3 to a pressure of 10~ ' mm Hg or 
4 even lower. 4 denotes the valorisation crucible 
(sometimes also called a vaporisation boat), 
wherein the material to be evaporated is fused. 

10 This crucible consists of one of the materials 
indicated in the Table for the vaporisation 
boat. 5 is the holder device for the crucible, 

6 the holder device for the glass plate or lense 

7 to be coated from the vapour phase. 8 and 
15 9 are the current leads to the electrical heat- 
ing coil 10, which surrounds the crucible 4. 
11 and 12 form the vacuum-sealed passages 
for the electrical leads. 

The whole arrangement is built-up on a base 

20 plate 13. The vacuum-tight sealing between 
the bell of the vacuum vessel and the base 
plate is effected by the seal 14. 

For many examples of carrying out the 
method the introduction of oxygen or of water 

25 vapour or of atmospheric air into the vacuum 
vessel is required. For this purpose the gas 
supply pipe 15 is provided, which may be 
obturated by means of a valve 16. 
For carrying out the method according to 

30 the invention in the manner of Section d) of 
the table two separate crucibles are required 
in the evaporation appliance. The second 
crucible may be arranged inside the vacuum 
vessel in the same manner as the crucible 4, 

35 and may be provided with its own current 
supply leads. 

Hereinafter the carrying out of the method 
according to Section d) of the Table will be 
explained with reference to a specific example: 

40 In the vacuum evaporation appliance de- 
scribed hereinabove thorium is vaporised from 
a first crucible of carbon at a temperature of 
about 2100°C, and the vapours developing 
are condensed on the lens 7. (Since the crucible 

45 consists of carbon, it may be heated by the 
direct passage of current, without the use of a 
surrounding heating coil). At the same time ^ 
from a second crucible arranged in the same 
vacuum vessel and consisting of tungsten, an 

50 element or a compound from the group of rare 
earths, e.g. the cerium misch-metal mentioned 
in line a) 1 of the Table is brought to evapora- 
tion, the vapours of which condense on the 
lens simultaneously with the thorium vapours. 

55 Accordingly a mixed layer is formed which 
however is transformed at once under the 
influence of the elements from the group of 
rare earths in the presence of oxidising gases 
into an oxide layer completely free from 

60 absorption and consisting pardy of thorium 
oxide, partly of the oxides of the rare earths 
used. The oxidising gas, e.g. water vapour, 
is introduced through the pipe 15 by means 
of the valve 16, up to a pressure in the vacuum 

65 vessel of about 2 y 10 _1 mm Hg. The amounts 



of the materials in the two evaporation 
crucibles are so chosen that the vapours from 
die rare earths in the vapour space amount to 
5 — 50 gram molecules percent. 

In a slightly modified embodiment of the 70 
same method alternately layers of thorium and 
of cerium misch-metal are applied to the 
carrier, and these layers are subsequently mixed 
with one another by thermal diffusion, so that 
finally a homogenous mixed layer is formed, 75 
which oxidises as quickly and readily as if the 
deposition of the mixture had been effected by 
evaporation from a common crucible. What 
has been stated in this example as regards 
thorium and cerium misch-metal may be 80 
applied in an anologous manner also to the 
other examples from Section d) of the Table. 

It has not been discovered what the effect 
of the method according to the invention is 
based on, whether possibly on a catalytic effect 85 
of the metal from the group of rare earths 
added pure or in the form of a compound, or 
perhaps on the formation of specific com- 
pounds or intermediate products in the 
evaporation material and/or in the layer pro- 90 
duced. For the technical application it is 
important that according to this method the 
periods required for the deposition from the 
vapour phase of oxide layers known in them- 
selves can be substantially shortened, when it 95 
is important to obtain oxide layers of low 
absorption. 

It has often been found convenient in prac- 
tice to produce the mixtures to be evaporated 
in a previous melting operation in that a 100 
mixture e.g. of Ti, Ti0 2 and cerium oxide (or 
of cerium proper) is fused in vacuo and the 
solidified product is comminuted and used as 
a material for the subsequent deposition of thin 
layers from the vapour phase. In some cases it 105 
has however been found convenient in prac- 
tice to produce the mixtures to be evaporated 
in a previous sublimation operation; e.g. a 
mixture of Si and Ce0 2 powder is sublimated 
in vacuo, the product of sublimation is com- 110 
minuted and used as a starting material for the 
deposition of thin layers from the vapour 
phase. When carrying out this method, atten- 
tion is drawn to the fact that some of the 
products obtained by sublimation are highly 115 
pyrophoric and tend to spontaneous ignition, 
so that they have to be handled with care and 
only in small quantities. This has been noted 
for example with a mixture of SiO and cerium 
oxide which served for the production of 120 
absorption-free silicon oxide layers (SiO alone 
yields strongly absorbing layers at such layer 
thicknesses as used for interference systems). 

Occasionally it is advantageous to carry out 
the deposition from the vapour phase while at 125 
the same time heating the carrier. The deposi- 
tion of thin layers from the vapour phase with 
simultaneous heating of the carrier is already 
known in itself. 

When carrying out the invention an oxida- 130 
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tion of the condensate occurs, as stated, the 
oxygen required being often available even in 
a vapour phase deposition appliance evacuated 
to the usual vapour phase deposition vacuum 
5 (of 10" 4 mm Hg or less) in the remaining gas 
atmosphere to a sufficient extent. Probably the 
oxygen required is derived, as stated herein- 
above, from water vapour desorbed from the 
walls of the vapour phase deposition appliance. 
10 An artificial enriching in oxygen of the 
remaining gas atmosphere is often convenient, 
as has been found, in which case the vacuum 
and the rate of vapour phase deposition are 
permissible at a higher magnitude than with 
15 the known methods, hard and well adhering 
layers of the lowest possible absorption being 
attained nevertheless. 

In some cases the complete oxidation of the 
layers takes place only after the deposition 
20 from the vapour phase on the carrier, as soon 
as an oxidising gas mixture (air) is admitted 
into the vapour phase deposition plant. This 
subsequent oxidation— a subsequent oxidation 
of layers being known as such— takes place at 
25 a very high rate, when the deposition of the 
layers has been carried out by the method 
according to the invention, so that for example, 
a layer which had been opaque and of metallic 
lustre is transformed instantaneously into a 
30 completely transparent absorption-free oxide 
layer at the moment of flooding the appliance 
with atmospheric air and, as the case may be, 
with the additional effect of moderate heating 
by the preceding deposition from the vapour 
35 phase. Even layer substances, which otherwise 
could be thoroughly oxidised only by the 
application of high temperatures and long 
annealing periods, oxidise readily and quickly, 
when an element from the rare earths or the 
40 compounds thereof has been admixed to the 
evaporation materials. 

We are aware of Patent Specification No. 
851,880, the main claim of which is for a 
method for the production of ultra-violet 
45 absorption filters at least partly permeable to 
light, wherein a starting material containing 
cerium and/or a cerium compound and at least 
one further material capable of forming layers 
permeable to visible light is transformed into 
50 the vapour phase by vaporisation in a technical 
vacuum or by cathodic sputtering, and the 
vapours thus generated are condensed in a 
thin layer on a carrier base permeable to 
visible light, for example of glass, and we do 
55 not claim what is claimed in the said Patent 
Specification No. 851,880. 

WHAT WE CLAIM, subject to the fore- 
going disclaimer, IS:— . 
1. A method for improving the oxidation 
60 and/or transparency of a thin party oxidic layer 
on a carrier, wherein a rare earth element 
and/or compound of a rare earth element is 
added to the said layer by cathode sputtering 
or deposition from the vapour phase in vacuo. 



2. A method according to claim 1, wherein 65 
the said rare earth element and/or compound 
thereof is mixed with the material forming the 
said layer before being cathode sputtered or 
vaporised together with it in vacuo. 

3. A method according to claim 1, wherein 70 
the said rare earth element and/or compound 
thereof is cathode sputtered or vaporised 
separately but simultaneously in the same 
vacuum vessel, and deposited on the said 
carrier together with the said layer forming 75 
material. 

4. A method according to claim 1, wherein 
the said rare earth element and/or compound 
thereof is cathode sputtered or vaporised in 

the same vacuum vessel after the cathode 80 
sputtering or vaporising of the said layer- 
forming material and is deposited on the layer 
formed by the latter on the said carrier. 

5. A method according to any of the preced- 
ing claims, wherein cerium is the said rare 85 
earth element. 

6. A method according to any of the claims 
1 to 4, wherein praseodymium is the said rare 
earth element. 

7. A method according to any of the pre- 90 
ceding claims, wherein the said layer-forming 
material contains silicon. 

8. A method according to any of the preced- 
ing claims, wherein the said layer-forming 
material contains titanium. 95 

9. A method according to any of the preced- 
ing claims, wherein the said layer-forming 
material contains tin. 

10. A method according to any of the pre- 
ceding claims, wherein an oxide of the said- 100 
rare element is added to the said layer forming 
material as a source of oxygen for the im- 
proved oxidation of the latter. 

11. A method according to any of the claims 

1 to 9 3 wherein the oxygen for the oxidation of 105 
the said thin layer is derived from the atmo- 
sphere in the vacuum vessel, the said rare e&rth 
element and/or compound thereof promoting 
the oxidation of the said layer. 

12. A method according to claim 11, wherein 1 10 
the said oxygen is derived from an atmosphere 
containing free oxygen at a reduced pressure. 

13. A method according to claim 11, wherein 
the said oxygen is derived from traces of water 
vapour or from traces of water desorbed from 115 
the inner wall surface of the said vacuum 
vessel under a reduced pressure. 

14. A method according to claim 11, wherein 
the said oxygen is derived from atmospheric 

air flooding the vacuum vessel after the 120 
termination of the deposition of the said layer 
in vacuo. 

15. A method according to any of the 
claims 11 to 14, wherein the said layer and/or 

its carrier is kept at an elevated temperature. 125 

16. A method according to claim 1, sub- 
stantially as herein described with reference to 
any one of the examples. 
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17. An article having a thin oxidic layer on S. MITTLER, 

a carrier when produced by a method accord- Chartered Patent Agent, 

ing to any of the preceding claims. 
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895,879 COMPLETE SPECIFICATION 

J SHEET r/iis drawing is a reproduction of 
the Original on a reduced scale. 




